Summary
Natural Antisense Transcripts (NATs) are long non-coding RNAs (lncRNAs) that overlap coding genes in the opposite strand. NATs roles have been related to gene regulation through different mechanisms, including post-transcriptional RNA processing. With the aim to identify NATs with potential regulatory function during fly development, we generated RNA-Seq data in eye-antenna, leg, and wing at third instar larvae. Among the candidate NATs, we found bsAS, antisense to bs/DSRF, a gene involved in wing development and neural processes.
Through the analysis of the RNA-Seq data, we found that these two different functions are carried out by the two different protein isoforms encoded in the bs gene. We also found that the usage of these isoforms is regulated by bsAS. This regulation is essential for the correct determination of cell fate during Drosophila development, as bsAS knockouts show highly aberrant phenotypes. bs regulation by bsAS is mediated by the specific physical interaction of the bsAS promoter with the promoters of bs, and it likely involves a mechanism, where expression of bsAS leads to the collision of RNA polymerases acting in opposite directions, preventing the elongation of the longer isoforms of bs, the ones carrying the neural related functions. Evolutionary analysis suggests that the bsAS NAT emerged simultaneously to the long-short isoform structure of bs, preceding the emergence of wings in insects, and maybe related to regulation of neural differentiation.
Main text
The D. melanogaster genome encodes 16,698 genes, including 13,920 protein coding genes, 2,433 lncRNAs and 308 pseudogenes (FlyBase v6.05 (Attrill et al., 2016) ). Although antisense lncRNAs are not explicitly annotated, they can be inferred from their overlap and orientation relative to protein coding genes. We calculated that 855 lncRNAs (35%) overlap 873 protein coding genes in antisense orientation (Natural Antisense Transcripts, NATs), forming 953 sense-antisense pairs, a number in line with previous reports (Lapidot and Pilpel, 2006; Sun et al., 2006) . The coding (sense) and non-coding (antisense) gene pairs (SA pairs), can be arranged in different configurations ( Figure 1A) : in most of the pairs, the lncRNA is fully included within the protein coding gene (391 pairs, 41%), followed by 5' head-to-head pairs (165 pairs, 17%) and 3' tail-to-tail pairs (61 pairs, 7%). Only in a minority of the pairs (28 pairs, 3%), the protein coding gene is fully included in the lncRNA, while the remaining 32% of the pairs (308) are arranged in complex configurations involving three or more genes ( Figure 1A) . Remarkably, fly protein coding genes involved in SA pairs are significantly associated to developmental and morphogenetic processes ( Figure 1B ). This strongly suggests that NATs might play a relevant regulatory role in fly development.
With the aim to identify NATs with potential regulatory function during fly development, we performed strand-specific RNA-Seq in biological replicates on three imaginal tissues of D.
melanogaster third instar larvae (L3): eye-antenna (EAL3), leg (LL3) and wing (WL3) (Supplementary Figure 1A and Supplementary Table 1 ). Of the 953 SA pairs, we found 145 (about 15%) in which the two members of the pair were detected with more than 0.5 TPMs (Transcripts per Million Mapped Reads in at least one tissue, albeit not necessarily the same).
Since splicing regulatory activity has been documented for a human NAT (Beltran et al., 2008) and extensive relationship between antisense transcription and splicing has been hypothesized in human (Morrissy et al., 2011) , we explored specifically the relationship between NAT expression and alternative transcript usage across fly larval samples. Of the 145 SA pairs with both genes expressed in at least one tissue in L3, 104 pairs (72%, 102 genes) involve a protein coding gene with multiple isoforms. We compared the expression of these NATs with the inclusion of the 964 exons of the sense protein coding genes, focusing on the exons the inclusion of which changed the most (see Methods). We found a few cases of relationship between expression of the NAT and the splicing of the sense protein coding genes-the most notable being the case of blistered -bs (Supplementary Figure 1B) .
In Drosophila melanogaster, the blistered gene (bs) gene is essential, among other functions, for the proper development of wings (Roch et al., 1998) , and it is also involved in neural processes (Donlea et al., 2009; Thran et al., 2013) . The protein encoded by bs, Drosophila Serum Response Factor (DSRF), is present in two different isoforms in the fly.
They both carry the DNA binding domain MADS-box, but differ at the terminal end, one much longer than the other (449 vs. 355 amino acids). The long isoform is encoded by two transcripts (variants A and C in Figure 1C ), that use two different transcription start sites (TSS2 and TSS1, respectively), and differ only in the first exon. The other protein isoform is encoded by a shorter two-exon transcript (variant B), which shares TSS1 with isoform C. The two long isoforms contain a 26 Kb intron that encompasses the NAT, CR44811 (herein blistered AntiSense -bsAS) and a coding gene of unknown function (CG44812).
There is a contrasting pattern of bs isoform expression between wing and eye and leg tissues ( Figure 1C ). In wing, we observe the predominant expression of short isoform B, while in eye-antenna and in leg we observe exclusive expression of the long isoform A. We also detect some expression of the long isoforms in wing imaginal discs (which we hypothesize is originating from isoform A in the vein regions). The NAT bsAS also shows contrasting expression, being very highly expressed in wing-where is one the most highly expressed lncRNAs in the fly genome (Supplementary Figure 1C )-but very low in eye-antenna and leg imaginal discs. We independently confirmed the expression of the bs isoforms and of bsAS by qPCR in wing and eye at third instar larvae and late pupa stages ( Figure 1D ). The restricted expression of bsAS to wing imaginal discs is also supported by the presence of trimethylation of lysine 4 of histone H3 (H3K4me3, mark associated to active promoters) in wing, but not in eye imaginal discs (Supplementary Figure 1D -E). In situ hybridization in wing imaginal discs reveals that bsAS exhibits the same spatial expression pattern as bs, restricted to the intervein regions ( Figure 1E ). In summary, thus, in wing intervein regions (non-neural tissues), bsAS is highly expressed, and TSS1 is actively driving the expression of the short isoform B. In contrast, in eye and, possibly, wing veins (neural tissues), bsAS is not expressed, and TSS2 is actively driving the expression of the long isoform A.
All these observations suggest that bsAS could play a role in regulating isoform usage of bs. To test this hypothesis, we used CRISPR/CAS9 to induce a 560 bp deletion surrounding the TSS of bsAS (Figure 2A and Supplementary Figure 2A -C). This effectively abolishes expression of this gene in L3 and LP in wing imaginal discs ( Figure 2B ). Knocking out bsAS has little effect on the expression of the short isoform B, but induces overexpression of one (or both) of the long isoforms. As a result, there is an overall increase in the expression of bs in the bsAS mutant wings compared to wt (particularly at protein level, compare Figure 2C , to Figure 1E upper panel). Deletion of the bsAS promoter did not alter the pattern of expression of DSRF, restricted to the intervein regions of the wing disc ( Figure 2C ). Animals carrying the deletion, however, exhibited notable defects in wing development, much stronger in homozygous mutant flies, and resembling those of the bs mutant flies (Fristrom et al., 1994; Montagne et al., 1996; Roch et al., 1998) (Figures 2D-F) . These were blistered, presenting necrotic regions and strong defects in vein/intervein patterning, in particular, extra vein tissue in intervein regions. Ectopic expression of bsAS did not rescue the wing phenotype in the mutant ( Figure 2G and Supplementary Figure 2D ), suggesting a role for bsAS in cis, likely due to the transcription process rather than to the bsAS transcript itself. The phenotype is a consequence of the increase in expression of the long isoforms of bs in the bsAS mutant, since similar wing defects are observed when overexpressing the DSRF long isoform in the wing pouch ( Figure 2H and Supplementary Figures 2E-F ). Overexpression of the short isoform B, on the other hand, induces strong defects in wing development and even animal death ( Figure 2I and Supplementary Figures 2G-H ), suggesting that the short DSRF protein is toxic when expressed in excess or in tissues where it is not canonically expressed.
To monitor the molecular changes underlying the bsAS mutant phenotype, we performed RNA-Seq of mutant wing imaginal discs in L3 and LP (Supplementary Figure 2I and Supplementary Table 2 ). Results indicate that the long isoform specifically induced in the bsAS mutant is isoform C, while the expression of isoform A is not affected. We observed few genes differentially expressed comparing the mutant with the wt flies in L3 (27 up and 29 down regulated), but many more in LP: 275 upregulated and 260 downregulated genes ( Supplementary Table 3 ). There were not clear functional categories enriched among downregulated genes (Supplementary Figure 2J ) but, after closer inspection, we identified many genes involved in wing morphogenesis and cell adhesion among them. These include Sox102F, that regulates the expression of the Wnt pathway and has been related to wing vein development and patterning (Li et al., 2013) , ImpE2 and ImpE3 that are ecdysoneinducible genes related to imaginal disc eversion (Andres et al., 1993; Moore et al., 1990; Paine-Saunders et al., 1990) and multiple edematous wings (mew) and miniature (m), that are genes related to cell adhesion and wing morphogenesis (Brabant et al., 1996; Roch et al., 2003) . Upregulated genes were strongly enriched in functions related to photo transduction, dopamine biosynthesis and other neural specific functions (Supplementary Figure 2K ). Among the genes upregulated in mutant wings we can find Dscam1 and Dscam4, cell adhesion molecules related to axon guidance and neural development (Schmucker et al., 2000; Tadros et al., 2016) , and inaC, inaD and ninaE, genes involved in the detection and response to light stimuli (for a review see (Pak et al., 2012) ).
All together these results suggest that the expression of the bs long isoforms induces the expression of neural specific genes, and that bsAS prevents tissue neuralization in the wing intervein regions by repressing specifically the long isoform C, and promoting, in consequence, the expression of short isoform B. Since these two isoforms share TSS1, we investigated whether physical interactions between the TSS of bsAS and TSS1 could underlay bsAS regulation of bs isoform usage. Using publicly available HiC data in Kc167 cells (Cubenas-Potts et al., 2017), we did find an enrichment in contacts between the TSS of bsAS and TSS1, even though bs and bsAS are poorly expressed in these cells ( Figure 3A and Supplementary Figure 3A ). We further performed 3C assays in L3 wing and eye imaginal discs, interrogating the interaction of bsAS TSS with 10 different regions along the bs locus (including TSS1 and TSS2) ( Figure 3B ). We detected significant interactions with TSS1 both in wing and eye, but not with TSS2 ( Figure 3C ). The interaction seems to be very stable thus, present even in tissues in which TSS1 and bsAS are inactive.
We detected a second interaction with a region known to be a hot spot for transcription factor binding in fly embryos ) (Supplementary Figure 3B ). Interactions between TSS1 and a region adjacent to bsAS TSS, which were maintained in wt wings, were dramatically impaired however in the bsAS mutant ( Figure 3D ), indicating that sequences within this region are likely responsible for the interaction with TSS1. The only factor for which binding sites were found both at the TSS1 and bsAS TSS was the GAGA factor (GAF), for which no binding sites were found at TSS2. GAF ChIP-Seq data available for L3 wing imaginal discs revealed strong GAF peaks at TSS1 and bsAS TSS (Supplementary Figure 3C) , providing additional support for a role of GAF in mediating the interaction. Indeed, the downregulation of the Trithorax-like (Trl) gene, encoding for GAF, induces a reduction of the intervein regions (Blanch et al., 2015) and the appearance of extra vein tissue in adult wings (Bejarano and Busturia, 2004) , confirming the role of GAF in vein/intervein patterning during wing development. The loop formed by this interaction is likely stabilized by cohesin complexes, which have been demonstrated to contribute to interactions between chromatin regions such as enhancer-promoter communication (Dorsett, 2019) . We also observed two strong Pol II peaks at both TSSs in L3 wings, confirming that the two sites are transcriptionally active in this tissue at this developmental stage.
All these observations suggest a model to explain how bsAS regulates the isoform usage of the bs gene and represses neural differentiation ( Figure 3E ). In non-neural tissues, bs TSS1 and bsAS TSS are active, and RNA Polymerases are recruited in both strands. TSS1 triggers the transcription of both the short isoform B and the long isoform C, but the elongation along both strands provokes the eventual collision of the polymerases and, in consequence, long isoform C cannot be generated. Only the short DSRF protein is generated, and neural differentiation does not occur. In neural tissues, only TSS2 is active, the RNA polymerase is only recruited at the sense strand, and the elongation of the long isoform A is not compromised. The long DSRF protein is generated, leading to neural differentiation.
We did not find any known amino acid motif in the 111-aa long region specific to the DSRF long isoform, that could explain its specific neural function. Actually, outside of the MADS box, which is strongly conserved across metazoans (and, intriguingly, systematically interrupted by an intron, in spite of dramatic changes in the exonic structure of the bs gene through evolution), there is little conservation of the DSRF protein, even already within diptera ( Figure 4 and Supplementary Figure 4 ). Evolutionary analysis, however, showed that the long-short isoform structure of the bs gene appeared much earlier, at the root of pancrustacea (hexapoda and crustacea, Figure 4A ). By using available RNAseq data, we have been able to trace the origin of bsAS also at the root of pancrustacea ( Figure 4B and Supplementary Figure 4B ), suggesting that both the long-short isoform structure of bs and bsAS emerged simultaneously. Since crustaceans and non-insect hexapods are wingless animals, bsAS regulation of bs isoform usage precedes the emergence of wings in insects, and it may be primarily related to neural differentiation, since, as in the fly, we have observed through insects low bsAS expression in the brain compared to whole body expression ( Figure 4C -D). The lncRNA is not expressed in bsAS -/-wings. The overall expression of the bs gene seems to be slightly higher in mutant than in wt wings, especially in L3 stage; however, when comparing the expression of bs isoforms, we do not observe differences in the expression of the short one between the mutant and the wt, while the long isoforms are overexpressed 6fold in the mutants. Error bars depict Standard Error of the Mean (SEM) of at least three biological replicates. Statistical significance was computed by one-sample t-test. C, Expression pattern of DSRF bsAS -/-in wing imaginal discs. Immunostaining of DSRF (red and grey) in bsAS -/-WL3. No differences in DSRF expression pattern are observed between wt and bsAS-/-L3 wings (Fig. 1c) . Nuclei, stained with DAPI, are depicted in blue in all cases. Representation of bs locus and the tested interactions inside this region. Two different baits were anchored at bsAS TSS (in green) and interaction enrichment was assessed for each bait by 3C experiments against all depicted regions (in pink). Orange arrows represent all tested interactions for bait1. The same interactions were tested for bait2. C, Interaction between bait1 and bs locus in wild type wings and eyes. Interaction enrichment is significantly higher between bsAS TSS and TSS1 than between the bsAS TSS and the other tested regions, both in wings and eyes. A significant increase in relative interaction is also detected between bsAS TSS and middle regions 4 and 5. D, Interaction between bait2 and bs locus in wild type wings and eyes and bsAS-/-wings. The interaction between bait2 and TSS1 is still enriched in wild type tissues, but it is heavily impaired in bsAS mutant wings. Also the interaction between bsAS TSS and middle4 region is lost in the mutant background. In C and 
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Drosophila strains
Fly strains used for this work are: wild-type (CantonS), rn-GAL4/ If/CyO; MKRS/TM6b. Flies were grown in standard media at 25ºC.
In situ hybridization and immunohistochemistry
In situ hybridizations and immunostaining were carried out according to standard protocols.
For in situ hybridization, bsAS DNA probe was synthesized by conventional PCR using a PCR DIG Labeling Mix (Roche). A biotinylated sense primer was used to bind the PCR product to streptavidin beads. Anti-sense probe was purified by denaturalization of the DNA attached to the beads. Primers used for probe synthesis are listed in Supplementary Table   4 . 
Chromatin immunoprecipitation
As starting material, 100 wt and bsAS-/-third instar larvae wing discs were used per experiment. Imaginal discs were manually dissected and pooled in 1 mL PBS-0.01 % TritonX100. Formaldehyde was added to a final concentration of 1% and tissues were fixed for 10 minutes at room temperature in a rotating wheel. Sonication was performed in a Diagenode Bioruptor for 15 minutes at high intensity with ON/OFF alternate pulses of 30 seconds. Sheared chromatin was aliquoted and flash frozen in liquid nitrogen. Chromatin immunoprecipitation assays were next performed as previously described (Perez-Lluch et al., 2011) . For immunoprecipitation, 2 g of anti-H3K4me3 (Abcam/ab8580) were used.
Enrichments were analyzed by Real-Time PCR and primers are listed in Supplementary   Table 4 . Three independent biological replicates were performed per experiment. 
RNA isolation, library preparation and sequencing
Retro-transcription and Real-Time PCR analyses
Retro-transcriptions and qPCRs were performed as described previously (Perez-Lluch et al., 2011) . Primers used for Real-Time PCR are listed in Supplementary Table 4 . Three independent biological replicates were performed per experiment.
CRISPR-CAS9-induced deletion in flies
Guide RNAs around the bsAS TSS were designed using the CRISPR Target Finder from the flyCRISPR portal (http://flycrispr.molbio.wisc.edu/). Sequences of the gRNAs are listed in Supplementary Table 4 . gRNAs were cloned into a BbsI digested pU6-BbsI-chiRNA vector (Gratz et al., 2013) following the protocol in flyCRISPR portal. A mixture of pU6-BbsI-gRNA1 and pU6-BbsI-gRNA2 was injected into embryos expressing CAS9 protein under the control of the vasa driver. Injected flies (F0) were crossed in groups of 4 males and females. F1 flies were allowed to mate and ley eggs for 10 days before screening. Sequential crosses were performed until the flies presenting the deletion were identified and isolated. Mutant flies were crossed with flies carrying a CyO balancer and homozygous mutants were isolated ( Figure S2B ). Flies were screened by conventional PCR. Briefly, genomic DNA was extracted from groups of 4 flies by smashing the animals in lysis buffer containing 0.5% NP40, 10 mM TrisHCl pH8.0, NaCl 150 mM, EDTA 2 mM and proteinase K 1 mg/mL. Genomic DNAs were incubated for 2 h at 50ºC and centrifuged at top speed for 5 minutes to remove the remaining fly fragments. 2 L of the extracts were used for each PCR. Primers used for the screening are listed in Supplementary Table 4 .
Transgenic constructs
For transgenesis, bs isoform B and long isoform (common to isoforms A and C) cDNAs were amplified by rtPCR (primers used for the amplifications are listed in Supplementary   Table 4 ) and inserted by Gibson cloning into a pUAST-AttB vector digested with EcoRI.
Transgenes were directed into phi31 fly strain J36, in the chromosome III.
Chromosome Conformation Capture (3C)
Chromosome conformation capture protocol was adapted from previous reports (Naumova et al., 2012) . For each experiment a 3C library and a genomic library were performed. For genomic libraries, genomic DNA from 5 third instar larvae was extracted by smashing the animals in lysis buffer containing 0.5% NP40, 10 mM TrisHCl pH8.0, NaCL 150 mM, EDTA 2 mM and proteinase K 1 mg/mL. Genomic DNA was incubated for 2 h at 50ºC, centrifuged at top speed for 5 minutes to remove the remaining larval fragments, purified by performing two rounds of phenol:chloroform extraction and precipitated with ethanol. For 3C libraries, 150 wing imaginal discs were manually dissected and pooled in 1 mL PBS-0.01 % TritonX100. Formaldehyde was added to a final concentration of 1% and tissues were fixed for 10 minutes at room temperature in a rotating wheel. Discs were washed in 1 mL of PBS-0.01 % TritonX100-0.125 M glycine for 5 minutes at room temperature and finally resuspended in 500 L of lysis buffer (10 mM Tris pH 8, 10 mM NaCl, 0.2% NP40 1x
Complete Protease Inhibitor Cocktail) and flesh frozen in liquid nitrogen. To perform the libraries, 5 g of genomic DNA and the fixed 150 wing discs were equilibrated in 164 L of digestion mix (20 μl HhaI 10x buffer, 5 μl 10% SDS and 139 μl H2O) for 1 h at 37º in a ThermoMixer. 32 μl of 10% TritonX100 were added to each library and incubated for 1 h more at 37ºC. Digestion was performed by adding 2 mL of HhaI restriction enzyme (New England Biolabs) and incubating for 2 h at 37ºC. After first digestion, 2 μl of restriction enzyme were Supplementary Table 4 . At least, three independent biological replicates were performed per experiment.
RNA-Seq processing
Data was processed using grape-nf (available at https://github.com/guigolab/grape-nf).
RNA-Seq reads were aligned to the fly genome assembly dm6 (dos Santos et al., 2015) using STAR 2.4.0 software (Dobin et al., 2013) with up to 4 mismatches per paired alignment using the FlyBase genome annotation r6.05 (Attrill et al., 2016) . Only alignments for reads mapping to ten or fewer loci were reported. Gene and transcripts TPMs were quantified using RSEM (Li and Dewey, 2011) . Tracks were visualized as a Track Hub at the UCSC Genome Browser (Raney et al., 2014) .
NATs in the fly genome and in larval tissues
Antisense lncRNAs were inferred from their overlap and orientation relative to protein coding genes. A minimum overlap of 1 exonic nucleotide was required to classify the pairs into the following configurations: (i) 5' head-to-head: first exon overlap; (ii) 3' tail-to-tail: last exon overlap; (iii) internal: lncRNA is within the protein coding gene; (iv) external: protein coding gene is within the lncRNA; and (iv) complex: overlap of more than 2 genes.
Pairs of ncRNAs antisense to mRNAs with more than 1 isoform and expressed at least 0.5 TPMs in at least both replicates of any L3 sample were selected for further analyses. Ratio of exon coverage over the gene coverage was computed using bwtool summary (Pohl and Beato, 2014) . Candidates pairs were ranked based on the Pearson's coefficient of correlation of exon ratio and antisense expression and on the standard deviation of exon ratios. Exons showing a standard deviation higher than 0.1 and an absolute correlation higher than 0.7 were selected.
Differential gene expression analysis of mutant versus wild type samples
Pairwise differential gene expression (DEG) analysis between wild type and mutant samples was performed using EdgeR (Robinson et al., 2010) . Only genes expressed at least 5 TPM in at least two samples were selected for this analysis. DEG selected showed log2 fold change > 2 and FDR < 0.01. Biological Processes from Gene Ontology database enriched in upregulated and downregulated datasets were assessed by using GOstats (Falcon and Gentleman, 2007) and visualized with ReviGO , with a p value cutoff of 0.001.
Promoter and ChIP-Seq analysis
To search for transcription factor binding sites (TFBSs) in bs and bsAS TSSs we used the Promo 3.0 tool (Farre et al., 2003) . We selected TFBSs with a matrix dissimilarity rate less or equal than 5% were present both in bs TSS1 and bsAS TSS but not in bs TSS2. Available ChIP-Seq data of GAF , RNA PolII , Pc and Ph (Loubiere et al., 2016) were aligned to the fly genome (dm6) using GEM-Mapper(Marco-Sola et al., 2012) with up to 2 mismatches per read using the dm6 genome assembly (Attrill et al., 2016; dos Santos et al., 2015) . ChIP-Seq data from modENCODE TFs were visualized at UCSC Genome Browser from the ENCODE Portal (Davis et al., 2018) .
Evolutionary conservation
To track down the evolutionary conservation of bs and bsAS, we first analyzed RNA-Seq data of whole body and head of female Drosophila species from modENCODE (GSE44612 (Chen et al., 2014) ). Next we investigated the expression of bs and bsAS in stranded RNA-Seq data of Apis mellifera (whole body: GSE83437 (Mao et al., 2017) and head: GSE87001 (Shpigler et al., 2017) ; UCSC apiMel2 assembly; modelRefGene genome annotation available at UCSC), in stranded RNA-Seq data of Anoplophora glabripennis (PRJNA274806;) in unstranded RNA-Seq data of Folsomia candida (PRJNA239929; RefSeq assembly accession: GCF_002217175.1; NCBI Folsomia candida Annotation Release 100) and in stranded RNA-Seq of Daphnia pulex (GSE103939; assembly GCA_000187875.1; annotation ENSEMBL release-26). Finally, we manually annotated bs isoforms across metazoans taking advantage of available RNA-Seq data and relying on split reads to properly annotate the exon junctions, which were visualized with ggsashimi : Anopheles gambiae (GSE55453 (Vannini et al., 2014) ; GSE59773(Gomez-Diaz et al., 2014)), Apis mellifera (GSE52289 (Cameron et al., 2013) ; GSE65659 (Galbraith et al., 2015) ; SRP068487), Daphnia pulex (DRP002580), Strigamia maritima (SRP041623), Tetranychus urticae (GSE31527 (Grbic et al., 2011; Van Leeuwen et al., 2012) ), Crassostrea gigas (GSE31012 (Zhang et al., 2012) ; SRP058882), Gallus gallus (GSE41338(Barbosa-Morais et al., 2012)), and Nematostella vectensis (GSE46488 (Schwaiger et al., 2014) ). Homo sapiens bs annotation was directly extracted from GENCODE v19 (Frankish et al., 2018) . Data was processed using grape-nf (available at https://github.com/guigolab/grape-nf) with the same parameters as our RNA-Seq data.
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